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Abstract 
Smart grid is a modernized electrical supply network in which information is communicated bi directionally using digital 
communication technology. Monitoring, analyzing, controlling and communication occurs within the supply chain thus 
improving efficiency, reducing energy consumption etc. A Phasor Measurement Unit (PMU) or a synchrophasor measures 
electrical waves on grid. PMUs are used in the transmission side of the grid. These are installed at various places on the grid and 
are time synchronized using Global Positioning System (GPS). Thus synchronised real time measurements are obtained from 
multiple measurement points on the grid. PMUs provide power system automation in the grid. A network of PMUs called Wide 
Area Measurement System (WAMS) can be used for large scale monitoring of grid. Black outs and load shedding can thus be 
avoided. Creating software for PMU can help reduce the large cost and hardware complexity. PMUs can synchronously measure 
magnitude of voltage and current, phase angle of voltage and current, frequency, rate of change of frequency and monitors the 
status of PMU. A PMU is created in MATLAB which can be used as simulation software for PMU. Sine wave representing the 
signal is fed into the software whose parameters can be measured using appropriate method. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Blackouts and load shedding are major problems faced in the current world. These can be avoided by properly 
monitoring and controlling the existing power grid. Proper monitoring and controlling of power grid can be done 
using a PMU. The parameters measured using PMUs can be transmitted throughout the network [1]. Smart grid is a 
modernized power grid that uses digital processing and communication technology to detect and react to local 
changes in the network thus providing stable and quality power at affordable rates [1]. Thus fault detection is 
improved and allows self healing using state estimation. The information from the grid must be obtained in a 
synchronized manner in order to ensure uniform distribution of power over a large area. PMUs are installed 
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throughout the transmission side of the grid and these monitor the state of the electrical network. These networks of 
PMUs are called WAMS. These PMUs are time synchronized using GPS. PMUs provide phasor parameters of the 
signal. It monitors the status of the switches, status of the circuit breakers, equipment performance, congestion, 
outages and demand response events. There are various methods to determine the phasor parameters.  
This paper focuses on creating an environment to determine phasor parameter using different estimation 
algorithms. The user has the freedom to choose the appropriate algorithm applicable for his application. Different 
phasor parameter estimation techniques are used. These are written as MATLAB M files. Simulink blocks are used 
to create the PMU in software. Matlab function block is used to obtain phasor parameters. Phasor parameters are 
obtained using appropriate techniques by adding Matlab m files to the model. User can easily select the best 
estimation technique to obtain phasor parameters.   
This paper discusses about the Phasor Measurement Unit in smart grid. The second section discusses about PMU 
and its functionalities. Phasor estimation techniques are discussed in third section. Fourth section discusses about the 
soft PMU and then finally the conclusion      
2.  Phasor Measurement Unit 
Since the invention of PMU in 1988 by Dr. Arun G. Phadke and Dr. James S. Thorp the technique of phasor 
calculation evolved into the calculation of real time phasor measurements that are synchronized to an absolute time 
reference provided by GPS [2]. Supervisory Control And Data Acquisition (SCADA) was used in earlier stages. 
These had a few drawbacks like the measurements were not time synchronized, they provide only magnitude and 
phase angle measurement of the signal are not obtained [3], observability is not dynamic providing one sample for 2-
4 seconds, provides only local monitoring and control. These drawbacks are overcome with the invention of PMU. 
PMUs provide time synchronized phasor measurements, both magnitude and phase angle measurement. The 
observability is dynamic with an increased resolution of upto 10 – 60 samples per second. They provide wide area 
monitoring and control. Monitoring of grid can be done by understanding sequence of events from synchronized 
data. In the WAMS network the PMUs are installed at various places and are time synchronized with the help of a 
GPS. A PMU has various functionalities. They provide the real time phasor parameters, magnitude and phase angle, 
of the voltage and current signals in the grid. Frequency can also be estimated using PMU. They check the status of 
switches, circuit breakers etc. Performances of various equipments in the grid are also monitored with help of PMU. 
Congestion during communication of information is avoided [4] and also the black out and load shedding are 
avoided by continuous monitoring of the grid. Fig. 1. shows a basic block diagram of a PMU [5]. 
 
 
 
Fig. 1. Block diagram of PMU 
 
Phasor parameters can be estimated in different ways. Few of these are DFT based algorithm, sliding DFT based 
algorithm, recursive technique etc. A voltage or current signal is considered by considering a sine wave with its 
harmonics. These are sampled at sampling frequency. The DFT is obtained and appropriate method can be used to 
estimate the phasor parameters.  
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Different software can be used to create the soft PMU. They are MATLAB, Lab view etc. In this paper MATLAB 
is used. 
2.1 Phasor Computation Algorithms 
A DFT based algorithm and sliding DFT based algorithm are considered to estimate the phasor parameters of the 
signal. In the DFT based algorithm signal considered can be represented as [6] [7] 
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x(k) is the signal samples under consideration, fo is the fundamental frequency and t is time instance. 
The magnitude can be estimated as  
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Where (1/ξʹ) is the RMS conversion factor and (2/N) is the scaling factor.   
Phase angle can be estimated as 
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Frequency of the signal determines the speed of the rotating phasor. Considering phase angle of input signal at two 
instances, 
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The rate of change of frequency can be determined as 
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Then actual frequency of signal can be obtained as, 
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Where fo is the fundamental frequency. 
 
For example, a sine wave with its harmonics is considered as 
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F is the frequency, 50Hz. This signal is sampled at 6.4kHz. The input frequency is set as range of frequencies from 
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49.7 Hz to 50Hz and magnitude and frequency is estimated for each of these frequencies. 
 
In sliding DFT based algorithm the signal considered is [8], 
 
 ൌ ω ൅                  (10) 
 
Where A is the amplitude and w is white Gaussian noise. 
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ߜ can be determined from the three samples around peak of the sliding DFT and kp is the index of peak of sliding 
DFT.  For N point sliding DFT filter the transfer function can be determined as  
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A particular output bin of sliding DFT can be written as 
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Where r is the damping factor which guarantees stability. Let the immediate neighbours of the peak index be kp-1 
and kp+1 respectively. Determine the peak values and obtain δ from the peak value by solving (12) by 
approximating sin(2πδ/N) = 2πδ/N and  
Cos(2ߨߜ/N) = 1for large values of N and ߜʹ ا ͳ. 
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Determining new peak value from the equation 
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Where w(k) is DFT of w(n) and 
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Now determine the new value ߜመ by evaluating first and second differences of f(ߜ) which are f(ߜ+1) - f(ߜ-1) and 
f(ߜ+1) – 2f(ߜ) + f(ߜ-1) respectively.  
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Finding the ratio of first and second differences and simplifying we get the relation 
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Thus ߜመ can be estimated by substituting the values of f(ߜ) , f(ߜ+1) and f(ߜ-1) in (14) , (15) and (16) in above 
equation, 
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Frequency can be estimated from the equation  
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  
2.2 Soft PMU 
A GUI is created which helps user to select required algorithm for phasor calculations. Fig. 2 represents the GUI.   
 
 
 
Fig. 2. Representation of GUI 
 
 
Upon selection of desired algorithm, Soft PMU created in simulink is opened. Simulation software for PMU is 
created in simulink using Matlab software [9]. A signal is considered. This signal is given to the Matlab function 
block where function to estimate phasor parameters is written as matlab m files. Different methods can be tested by 
changing the function and thus the best method can be chosen to estimate the phasor parameters. Here DFT method 
and sliding DFT method are considered. In DFT based method a 230V, 50Hz signal is considered with its 20% of 3rd 
and 10% of 5th harmonic components. This signal is given to matlab function block which contains the function for 
estimating the phasor parameter as m file. The block diagram representation for soft PMU for DFT method is as 
shown in Fig. 3. The estimated parameters are displayed. For a 50Hz, 230V signal considered the estimated values 
of frequency and magnitude are 49.93Hz and 229.1V. Fig. 4 shows the respective results. In sliding DFT based 
method a 230V, 50Hz signal is considered(10). The signal is given to a MATLAB function block in simulink. The 
function for phasor estimation is written in as MATLAB M file. Fig. 5 shows the block diagram of soft PMU using 
sliding DFT method. The estimated frequency is displayed. For 50Hz signal the frequency estimated is 49.97Hz. 
Fig. 6 shows the estimated frequency using sliding DFT method. 
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Fig. 3. Block diagram for soft PMU using DFT method. 
 
 
 
Fig .4. Estimates frequency and magnitude using DFT method. 
 
 
 
Fig. 5. Block diagram for Soft PMU using sliding DFT method. 
 
 
 
 
Fig.  6. Estimated frequency using sliding DFT method. 
3. Conclusion 
Phasor parameters are estimated by two different techniques and estimated frequencies are obtained for a range of 
frequencies. Better estimation is obtained using DFT based method. 
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Table 1. Results for DFT and Sliding DFT methods 
 
Frequency           DFT method                                 Sliding DFT method 
Magnitude              frequency                  frequency 
49.7                        229.678                  49.698                       48.058     
49.8                        229.724                  49.799                       48.745 
49.9                        229.780                  49.902                       49.334 
50                           229.848                  50.004                       49.972 
 
Software Phasor Measurement Unit is created which can be used as a simulation software for PMU. Different 
estimation techniques can be used to estimate the phasor parameters. A GUI is created that can select required 
algorithm for phasor estimation.This paper can be extended by estimating phasor parameters using different 
techniques and implementing communication scenario by considering two PMUs. 
 
References 
 
[1]  Xi Fang, Satyajayant Misra, Guoliang Xue, and Dejun Yang, Smart Grid – The New and Improved Power Grid: A Survey, IEEE     
communications surveys & tutorials, vol. 14, no. 4, fourth quarter 2012. 
[2] A.G. Phadke, J. S. Thorp ,History And Applications Of Phasor Measurements, Power Systems Conference and Exposition, 2006. 
PSCE '06.   2006 IEEE PES. 
[3] Chandarani Sutar, Dr. K. S. Verma ,  Application Of Phasor Measurement Unit In SMART GRID , Pratibha: International Journal  Of 
Science, Spirituality, Business And Technology (IJSSBT), vol. 1, no.2, February 2013 .  
[4] Abderrahmane Ouadi, Hamid Bentarzi, and Jean Claude Maun, A New Computer Based Phasor Measurement Unit Framework, 2009 
6th International Multi-Conference on Systems, Signals and Devices. 
[5] David G. Hart, David Uy, Vasudev Gharpure, Damir Novosel, Daniel Karlsson, Mehmet Kaba, PMUs – A new approach to power 
network monitoring, ABB Review, 2001. 
[6] S. Nithin,, Sivraj P, Sasi K. K, Robert Lagerstöm, Development of a Real Time Data Collection Unit for Distribution Network in a 
Smart Grid Environment, Power and Energy Systems Conference: Towards sustainable energy, 2014.  
[7] A. G Phadke, J. S. Thorp, M. G. Adamiak, A New Measurement Technique For Tracking Voltage Phasors,Local System Frequency 
And Rate Of Change Of Frequency, IEEE Transactions on Power Apparatus and Systems, Vol. PAS-102, No. 5-May 1983. 
[8] Anit Kumar Sahu, Mrityunjoy Chakraborty, Fast and Accurate Frequency Estimation Using Sliding DFT,  IEEE Transactions on 
Signal Processing. 
[9] Daniel Dotta, Joe H. Chow, Luigi Vanfretti, Muhammad S. Almas, Marcelo N. Agostini, A MATLAB-based PMU Simulator, IEEE 
trans. Power and energy society general meeting, p. 1944-9925, 2013. 
[10] Zhenyu Huang, Bogdan Kasztenny, Vahid Madani, Ken Martin, Sakis Meliopoulos, and Damir Novosel, Performance Evaluation of 
Phasor Measurement Systems, IEEE Power Engineering Society General Meeting, p. 1-7, July 2008. 
 
 
 
 
